Study Design. Systematic literature review and meta-analysis. Objective. The objective of this systematic literature review was to evaluate if intraoperative neurophysiological monitoring (IONM) can prevent neurological injury during spinal operative surgical procedures. Summary of Background Data. IONM seems to have presumable positive effects in identifying neurological deficits. However, the role of IONM in the decrease of new neurological deficits remains unclear. Methods. Using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines for systematic reviews and Meta-analysis, we reviewed clinical comparative studies who evaluate the rate of new neurological events in patients who had a spinal surgery with and without IONM. Studies were then classified according to their level of evidence. Methodological quality was assessed according to methodological index for non-randomized studies instrument. Results. Six studies were evaluated comparing neurological events with and without IONM use by the random effects model. There was a great statistical heterogeneity. The pooled odds ratio (OR) was 0.72 {0.71; 1.79}, P ¼ 0.4584. A specific analysis was done for two studies reporting the results of IONM for spinal surgery of intramedullary lesions. The OR was 0.1993 (0.0384; 1.0350), P ¼ 0.0550. Conclusion. IONM did not result into fewer neurological events with the obtained evidence of the included studies. For intramedullary lesions, there was a trend to fewer neurological events in patients who underwent surgery with IONM. Further prospective randomized studies are necessary to clarify the indications of IONM in spinal surgeries.
N eurological injury is a catastrophic complication in surgical spinal procedures, with tremendous consequences from social, medical, and also economical perspectives. 1 In the past years, in order to identify and avoid new neurological deficits, intraoperative neurophysiologic monitoring (IONM) has been used by many spinal surgeons around the world to prevent neurological deficits and identify potentially risky maneuvers that can lead to neurological injury, such as in deformity correction or during intramedullary spinal tumors resections.
2,3 IONM consists of multimodal techniques that allow intraoperative neural system integrity assessments through somatosensory evoked potentials, motor evoked potentials, D-wave, and electroneuromyography. [2] [3] [4] The reason of IONM use consists in detecting neurological changes during a surgical procedure that may result in neurological deficits. 4, 5 Although it seems to have presumable positive effects in identifying neurological deficits, it may increase surgical time and costs, change anesthetics medication, and influence legal issues when a neurological event occurs. The value of IONM is still questioned, once it may be unnecessary in low risk procedures. Additionally, IONM may not identify and avoid further postoperative neurological injuries once neural tissue damage has occurred. The method could still limit tumor resection in an effort to avoid neurological complications.
We performed a systematic literature review to evaluate if IONM can prevent neurological injury during spinal operative surgical procedures.
METHODS
A systematic literature review was performed according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA). 6 Inclusion criteria: defined by PICO search strategy that specifies the population to be evaluated, the intervention, the control, and the desired outcomes. Only comparative clinical studies were considered for analysis. Following the evidence hierarchy, papers should be randomized controlled trials and, in the lack of these, comparative case-control or comparative cohort were included.
There was no restriction of age or sex. Published papers up to the last 10 years (until September 5[th], 2017) were be included, in English, Spanish, and Portuguese. Noncontrolled series of cases were not included. 
Description of the Method for the Collection of Evidence
Authors reviewed articles available in the MEDLINE (PubMed), Embase, Lilacs, and Cochrane Central Register databases of randomized assays published from January 2007 to September 2017. One author (J.W.D.) assessed the results of the electronic literature survey and any divergences were resolved by group discussion. The retrieved articles were first assessed on the basis of their titles; the titles identified were reevaluated on the basis of the abstracts and the papers of the selected abstracts were assessed in full. All the authors also searched for cross-references.
The following terms, such as text words or MeSH terms and text words, were used in the electronic PubMed, Embase, and Lilacs survey: ''spine''; ''intraoperative neurophysiological monitoring. '' Search mechanism is demonstrated in Figure 1 (flow chart-PRISMA Guidelines).
Methodological quality was assessed according to methodological index for non-randomized studies (MINORS) instrument. 8 None of the authors had any conflicts of interest related to the present review.
RESULTS
A total of 172 articles were find in PubMed database search and 3 in the OVID Research Form. Removing duplicates, 174 were evaluated and 168 were excluded once they did not enter inclusion criteria (Figure 1) . A total of six articles fulfilled the inclusion criteria and were analyzed. [9] [10] [11] [12] [13] [14] One of these articles was found after cross-reference search. 9 Two Figure 1 . Flow chart of search mechanism according to PRISMA 2009. PRISMA indicates preferred reporting items for systematic reviews and meta-analyses.
were cohort retrospective studies 9,10 and four were crosssectional-comparative database researches.
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Methodological Quality Evaluation All papers were classified as level IIIB of evidence.
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According to the MINORS 10, 13, 14 (Table 1) , three studies were considered as high-quality comparative studies, 9, 11, 12 whereas three scored less than 16 points. The summary of the six included studies are presented in Table 2 .
Data Extraction
Sala et al 9 reported the results of 50 patients with operated intramedullary tumors using IONM and compared surgical results with a historical cohort of 50 patients. Neurological assessment was performed using the McCormick Scale and grade variation at discharge. At least 3 months of follow-up was compared between the groups. The authors reported that the IONM group had a better neurological outcome (mean variation of McCormick group of 0.28 vs. 0.16 in the non-IONM group-P ¼ 0.0016). At discharge, there was a trend to better outcome (P ¼ 0.1224) in the IONM group. They concluded that IONM seems to improve motor longterm outcomes significantly, but early motor outcome is similar because of transient motor deficits.
Zieliń ski et al 10 reported a cohort study of 38 operated patients with IONM and compared with a historical control group of 36 operated patients without IONM. Patients were grouped into three: (1) patients with extradural, (2) intradural/extramedullary, and (3) intramedullary lesions. They reported that neurological complication rates in the intramedullary group were lower in the IONM group (3 of 13 vs. 9 of 11 in the intramedullary lesions group operated without IONM). However, the study is limited by a small sample size, unclearly defined outcomes and lack of general information.
Cole et al 11 performed a retrospective study with data collected from Thomson Reuters MarketScan. MarketScan is composed mainly of individuals with private health insurances. They included 85,640 patients between 2006 and 2010 who underwent one of four spinal procedures: anterior cervical discectomy and fusion (ACDF) (n ¼ 28,911), lumbar fusion (n ¼ 15,326), lumbar laminectomy (n ¼ 8,474), or lumbar discectomy (n ¼ 32,749). Only a minority of patients, 10,844 (12.6%) of the total, underwent surgery with IONM during their procedures.
Only the subgroup of patients who had lumbar laminectomies with IONM had a reduced 30-day neurological complication rate (0.0% vs. 1.18%-P < 0.0024), compared with its corresponding cohort without IONM. However, the authors reported that the cohort of monitored lumbar laminectomy patients was considerably smaller than the other patient cohorts, with fewer than 600 monitored patients (7.02% of the total lumbar laminectomies). No statistical differences in the overall neurological complication rates for patients with and without IONM were reported in ACDF, lumbar fusions and lumbar discectomy subgroups.
Ney et al 12 performed a retrospective study with data collected from Nationwide Inpatient Sample (NIS). NIS is the largest all-payer dataset of inpatient hospitalizations is the United States. Adult's discharges from 2007 to 2012 with spinal decompression and simple spinal fusions were included. They excluded revision surgeries, complex procedures (combined approaches, instrumentations, tumor and trauma related surgeries). The IONM group (4.9% of the hospital discharges) had fewer neurological complications (0.8% vs. 
Comparative studies with more than 16 points were considered as high quality according to MINORS methodology quality evaluation instrument. MINORS indicates methodological index for non-randomized studies. Figure 2 -metaanalysis of neurological events in the six included studies
Sensitivity Analysis
As papers from Cole et al, 11 Ney et al, 12 and Ajiboye et al 
DISCUSSION
This systematic literature review was designed to answer the question if IONM was able to decrease rates of new neurological deficits or worsening of pre-existing neurological deficits during spinal operative procedures. Unfortunately, we did not find any prospective, randomized, comparative studies designed with this goal. Moreover, according to the inclusion criteria, only six retrospective comparative studies were found and analyzed.
According to this study, patients who received surgery with IONM did not have fewer events than those who 
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Intraoperative Neurophysiological Monitoring in Spine Surgery Daniel et al result of P ¼ 0.0550 tends to favor the use of INOM in intramedullary lesions. Although the confidence interval was greater than 1, this effect may be secondary to the small number of studies rather than to the lack of statistical significance. More studies are needed to confirm this finding.
Of note in the included studies, patient's samples were heterogeneous, as well as the performed surgical procedures, varying from simple lumbar laminectomies to intramedullary tumors resections. These aforementioned groups of patients have a tremendous different neurological and surgical complication profile. Additionally, we have to take into account that low neurological risk procedures, such as lumbar laminectomy, probably would need a larger number of patients compared to those with higher risk procedures, such as deformity surgery, to detect the benefits of IONM, if it exists, in the prevention of new neurological events.
Cole et al, 11 Ney et al, 12 and Ajiboye et al, 13 reports were large studies form database coded surgeries and outcomes comparing IONM use or non-use. There are several limitations related to these case-controlled studies such as diagnoses precision and the real tabulation of cases and patients control (codification). Calculated heterogeneity and inconsistencies among pooled studies were high (tau^2 ¼ 0.8345; I^2 ¼ 91.1% [83.4%; 95.2%]). In this way, the adopted evaluation model followed the random effects model. According to this, evaluating the pooled analysis, although closed to the determined statistical significance level, it did not reach statistical significance. A sensibility analysis was done to clarify the effect of large database studies. The pooled analysis results remained non-significant and very close to the entire individual studies analysis. The protective effect of IONM could not be revealed in this evaluation.
Previous studies had reported that multimodal IONM is sensitive and specific for detecting intraoperative neurological injuries. 4 Despite a positive result favoring IONM, we believe that surgeons will still be needing and using this diagnostic tool for some spinal procedures, especially those that imply in higher risks for complications, such as deformity surgery. Surgeons can modify surgical strategies with IONM, such as decrease deformity correction, distraction/compression and decompression, as well as avoiding the wake-up test, commonly performed in the past. 15 The same is true for intramedullary tumors, for example, especially those lesions without a clear cleavage plan, where IONM changes, such as decreasing in Motor Evoked Potentials or D-waves, will result in stopping the resection and starting corrective measures, such as warm irrigation, checking blood pressure, local papaverine application, among others. 9 
Limitations
This systematic review and meta-analysis is limited by the lack of prospective studies.
The analyzed observational studies have three major issues related to bias, such as: selections bias, due to large observed and unobserved patients characteristics differences, just as between the treatment and control groups; lack of generalization, since there are huge differences among patients characteristics and risks for postoperative deficits; and inadequate statistical power in the enrolled comparative studies that are the only available ones in literature. Additionally, only three studies were considered as having high methodological quality assessment of the six included. 9, 11, 12 Additionally, our study includes research papers with many heterogeneous spinal procedures with different rates of neurological events, with a wide confidence intervals obtained and, by this reason, the results of this analysis should be interpreted carefully. The role of IONM is probably different in regard to certain neurological deficits risks and different types of spinal pathologies. However, it is the first meta-analysis, to our knowledge, evaluating the role of IONM in decreasing neurological complications in spinal surgeries.
